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PREFACE

This Note was originally prepared as a paper for the proceedings of

the NATO conference on Intelligence and Learning, held in York, England, I
in July 1979. It will appear as a chapter in M. P. Friedman, J. P. Das, 4
and N. O'Conner (eds.), Intelligence and Learning (New York: Plenum ;
Publishers, in press). The research summarized here was funded by the

Office of Naval Research under Contract N00014-78-C-0042.
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SUMMARY

This Note describes the influence of individual differences in

e S

ability and subject-selected learning procedures and strategies for
acquiring knowledge from maps. Verbal protocols were obtained from 25

subjects selected for their differences on psychometric tests measuring

spatial restructuring and visual memory abilities. These protocols
indicated a number of learning procedures and strategies that subjects
used to focus attention, encode information, and evaluate their learning
while studying a map. High-ability subjects differed from low-ability
subjects in their recall of spatial attributes of the map, use of

imagery for encoding spatial information, and adoption of attemtion-

focusing strategies to guide their approach to the map-learning problem.
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I. INTRODUCTION

The study of intelligent behavior in many task domains requires an
understanding of the sources of individual differences which influence
task performance. Two typical and important sources of individual
differences are basic abilities (Cronbach & Snow, 1977) and the
strategies that peopie use to perform a task (Johnson, 1978; Hunt,
1978). In this context, abilities are basic individual trajits that are
relatively enduring and resistant to change. Procedures and strategies,
on the other hand, are assumed to be discretionary, trainable, and
improvable with practice. This Note investigates how such differences
influence the acquisition of knowledge from geographic maps. The
research investigateg expertise in map learning -by analyzing differences
between good and poor learners in terms of both their basic
information-processing abilities and their self-selected learning

procedures and strategies.
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I1. BACKGROUND

Map learning is a constructive process which produces a mental
representation of the space depicted on the map. This internal
knowledge representation stores many types of information, including
names, shapes, locations, and distances. Since map learning is an
active, intentional process, it may be viewed as a problem-solving task
(Newell & Simon, 1972) with a goal of achieving some memory
representation of the map. The learner applies procedures and
strategies as problem-solving operators to produce the memory
representation. These subject-selected procedures are specific
techniques for selecting information from the map to study and for
encoding the information in memory. The procedures are of three types:
attentional, encoding, and evaluation. Attentional précedures restrict
the map information that the learner attends to at any point in time.
Encoding procedures, such as rehearsal or imagery, elaborate the
information in attentional focus and integrate it with informﬁtion in
memory. Finally, evaluation procedures monitor the learner's progress
by considering what information has been learned and what remains to be
studied.

In addition to these procedures, people often adopt global
strategies for approaching the overall learning task. For example, an
individual may decide to first learn the spatial information on the map,
and then learn the verbal labels associated with the spatial locations.
An individual's strategy may determine, in part, the procedures he or

she chooses for accomplishing the learning task.




In previous studies of map learning (Thorndyke & Stasz, 1980), we
collected verbal protocols from subjects attempting to learn fictitious,
yet realistic, maps (see Figure 1). On each of six trials, subjects
studied a map for two minutés and then attempted to reconstruct the map
from memory. During study, subjects thought out loud, describing their
attentional focus, their study procedures, and their evaluations of
their learning progress.

Analysis of these protocols identified 13 procedures that subjects
employed for focusing attention, encoding information, and evaluating
the state of memory. Large individual differences were apparent both in
subjectk' use of these procedures and also in their rate of learning of
map information. A comparison of good learners (subjects correctly
recalling at least 90 percent of the map information by the final trial)
and poorer learners showed that subjects differed primarily in the use
of a few study procedures. Three of the procedures that differentiated
good from poor learners involved the encoding of spatial configurations
of map information. These were imagery, pattern encoding, and relation
encoding.

Our results and informal observations suggested that specific
abilities might also influence the learning process. In particular, we
conjectured that subjects' spatial ability, rather than the use of
particular procedures, might underlie the observed differences in
performance. Since procedures comprise relatively low-level processes
for manipulating information, subjects' choice of procedures might

depend on their underlying abilities. For example, the best map learner

reported that he had good visual memory and frequently used imagery to
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learn and remember information. By contrast, the worst learner reported
that he had never experienced having mental images. He used primarily
verbal learning procedures, such as associating map information with
previous knowledge. Tﬁis subject did not attempt to learn the more
complex spatial configurations on the map.

Ability differences might also influence subjects' skill at using a
particular procedure. For example, we observéd that poorer learners
were frequently inaccurate in their evaluations, during study, of what
they had already successfully learned. The evaluatjon procedure
requires subjects to retrieve knowledge from memory and compare it to
information on the map. In this process, subjects ﬁight evoke a mental
image of stored knowledge for comparison with the map. This image may
be clearer or more accurate for subjects with better visualization
ability.

Finally, abilities may influence the selection of global learning
strategies. In the map-learning task, all of the information to be
learned is presented simultaneously rather than sequentially. Subjects
must decide for themselves what information to learn first and how much
time to spend studying each portion of the map. Individuals with
spatial restructuring skill may employ strategies that subdivide the
learning task. For example, subjects might adopt a divide-and-conquer
strategy to help focus their attention on a subset of the information.
They learn this information first, and then define and learn another
subset. This strategy serves to structure the task into a sequence of

smaller subproblems.
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In sum, abilities appear to be a potentially important source of
variation in map learning. The Thorndyke and Stasz (1980) results
suggest how abilities and procedures might interact in the map-learning
process: Procedure choice end successful procedure use might both
depend on basic underlying ability differences. The present study was
designed to investigate possible relationships between abilities,

procedures, strategies, and map-learning performance.




III. METHOD

SUBJECTS AND ABILITY MEASURES

Twenty-five subjects were selected from an initial group of 94,
based on their performance on a battery of standard psychometric ability
tests. The tests measured field-independence (Witkin & Goodenough,
1977), which represents spatial restructuring ability, visual memory,
general intelligence, and verbal associative memory. We selected
subjects who differed in visual memory and spatial restructuring skill
but had equivalent scores on tests of general intelligence and verbal

associative memory.

PROCEDURE

Subjects were individually tested on a map-learning task. For each
of two maps, a town map and a countries map, subjects alternately
studied and reproduced the map. The town map shown in Figureil depicted
the streets and landmarks of a small town. The countries map shown in
Figure 2 portrayed an imaginary continent with countries, cities, roads,
‘tailroads, and large geographical features, such as rivers and a
mountain. On each of six trials, subjects studied a map for two minutes
and then used as much drawing time as they wished. During study,
subjects provided verbal protocols of their study behavior, including
the strategies and procedures they were using. Following the final
trial on each map, subjects answered eight location and route-finding

questions from memory.




Fig. 2-=The Countries Map




EYSp

IV. RESULTS AND DISCUSSION

Although we performed a variety of analyses of the relationships
between abilities, procedures, strategies, and map learning, this Note
focuses on analyses contrasting performsnce of extreme ability groups.

(Other analyses are reported in Stasz & Thorndyke, 1980.) Since tests of ]

field-independence and visual memory were highly correlated ( r =.66, p

< .01), most subjects fell into two extreme groups: relatively field-

independent, high visual memory (HIGHs; N = 10), and field-dependent,
low visual memory (LOWs; N = 10). Data from these subjects were used
¢ for all subsequent analyses.

To determine the relationship between ability and performance,
recall scores between HIGH- and LOW-ability groups were contrasted. For
each subject, map reproductions provided three measures of recall
performance: proportion of map objects correctly reproduced (both
spatial location and verbal label correctly specified), proportion of
spatial information corr;ctly reproduced, and proportion of verbal
information éorrectly reproduced. Reproductions were scored at each 1
trial. For each subject, mean recall was calculated acros§ trials and

maps. -

e\ g e s

d Table 1 presents mean recall scores for the two groups. Mann-
Whitney U tests, with sample sizes of 10 and an alpha level of .05,
indicated that HIGHs recalled significantly more complete elements and
spatial attributes than did LOWs. The groups did not differ

significantly in recall of verbal attributes. These findings replicate

those presented in Thorndyke and Stasz (1980), who found that good and
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Table 1

ABILITIES AND PERFORMANCE

HIGHS LOWS
Subjects
Item 10 | 10
Recall (%)
Complete Elements 62.2* 50.2
Spatial Attributes 66.5* 54.0
Verbal Attributes 76.5 70.7
Procedures (mean occurrences)
Imagery 5.4% 3.0
Strategies (number of protocols)
Divide-and-Conquer 2 3
Global Network 10 1
Progressive Expansion 4 4
Narrative Elaboration 0 2
No Strategy 4 - 10
*p < .05

poor learners differed in recall of complete elements and spatial
attributes, but not of verbal attributes. In general, subjecfs had
little difficulty learning verbal information on a map. The present
result extends those findings by demonstrating that subjects' visual-
spatial ability may underlie differences in recall.

To compare procedure use between HIGHs and LOWs, the average number
of occurrences of each study procedure was calculated across trials and
maps for each subject. HIGH subjects used all of the procedures that
correlated with learning in this and previous studies (Thorndyke &
Stasz, 1980) more frequently than did LOWs. However, only for the

imagery procedure was this difference statistically significant. Thus,

:
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the remainder of this Note will focus on differences in learning
strategies.

Analysis of protocols and post-experiment interviews identified
four strategies used by subjects. Each strategy entailed the use of

particular procedures. In the divide-and-conquer (DC) strategy,

subjects employed spatial partitioning to divide the map into distinct
sections. Subjects would then study each section as a separate sub-
problem. Subjects focused their attention on a single area, such as the
northwest corner of the map in Figure 1, ignoring information outside
the area of focus. They adopted a variety of procedures to learn the
information in the identified area. Having satisfied themselves that
they had learned this information, they then moved on to study a new
section. This process continued until all sections of the map had been
studied. On final trials, sections were appropriately integrated to
maintain feature continuity.

The global network strategy (GN) subjects used the conceptual
partitioning procedure to create a basic spatial framework which covered
the entire area of the map. Rather than focusing on geographical areas,
as in the DC strategy, subjects identified a certain conceptual category
of information, such as streets, cities, or giographical features, to
establish their initial framework. In Figure 1, for example, a subject
might first study vertical streets and large features, including the
river, railroad track, and golf course. This initial framework acted as
8 point of reference for lesrning new information. Subjects learned new

elements by associsting them to the previously lesrned anchor points.
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Progressive expansion (PE), the third major strategy, was

characterized by subjects' systematic movement of attention across the
map. Typically, subjects chose a starting point, such as the right side
of the map, and studied as many adjacent elements as possible in the
allotted time. On successive trials they systematically focused on and
learned new elements, moving across the map in a slow progression and in
a consistent direction.

A few subjects employed the narrative elaboration strategy (NE).

While the DC, GN, and PE strategies relied on specific attention-
focusing procedures, the NE strategy did not. NE strategists created
verbal associations, such as a story or narrative to remember map |
elements and their relationships. For the map in Figure 1, for example,
one subject invented and rehearsed the following narrative: The butler
went to church and saw cedar trees in the park. Thus, he created an
association among Butler Street, Church, Cedar Street, and Park Drive.
To determine whether strategy use was related to subjects' ability,
the study pr&tccols were sorted into one of the four strategy groups, or
into the "no strategy” group. Table 1 shows that 80 percent of the HIGH
subjects' protocols exhibited.one of the three attention-focusing
strategies. None of the HIGH subjects used the NE strategy, and only
four protocols were classified into the "no strategy" group. By
contrast, 50 percent of the LOW subjects' protocols showed no consistent
strategy. Eight protocols contained attention-focusing strategies, and
two protocols used the NE strategy. To test whether the use of
attention-foculing strategies versus no sirategy was significantly

different for HIGHs and LOWs, Fisher's exact test was computed
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separately for each map. The tests indicated that the probability of
chance differences at least this large in the tendency of the two groups

to use a strategy is .08.
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V. CONCLUSIONS !

These analyses suggest that both abilities and subject-selected _
learning techniques are important sources of individual differences in ?
map learning. Visual-spatial ability may underlie the use of effective ;
procedures for learning spatial information and the adoption of
attention-focusing strategies. Both of these learning processes
contribute to successful map learning. Thus, three key characteristics
identify good map learners: (1) They adopt an attention-focusing
strategy; (2) they use imagery to encode spatial information; and (3)

they have high visual-spatial ability. i
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#ajcr Howatrd Langdoa

Hq., Harine Corps

0171 31

Atlington Anaex

Colusbia Pike at Arlingqton Ridge Ed.
Atlinqton, VA 203890

Special Assistant for Harine
Corps Matters
Code 160n
Cftice of Naval Research
6CC M. Cuincy Strecet
Arlington, VA 42217

[t. Ae l. Slafkosky

Scientific Advisor (Code BD~-1)

HQe, U.S. darine corps

sashinqgqtcon, D.C. ’ 20330
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58

59

60
61

62

63

11¢6- 03009

1150-0v60)

13€0-0100)

Assistant Dictector (Enviconmental
and Life Sciences)

Oftice cf the Under Secretary of
Lefense for Research & Engineering

Central Beference Division
fefense Intelligence Agency
Attn: RIS-6B2A

Cefense lechuical Inforaation Center

Lre Craig 1. Fields

Advanced Research Projects Aqency
14CC wilson slvd.

Artlinqtcn, VA 22409

It Lexter Fletcher

Advanced 3esearch Projects Agency
14C2 Wilscn Blvd.

Arlingtoa, VA 22209

Cdr. van K. Nield, USHN

Code ST1

Hgq.., Dofause Happing Agency

building %6

baval Gbservatory

sashington, D.C. 20305
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64 Military Asst. for Traiming &
Eersonne¢l lechnology
Office of the Under Secretary ot
Iefense for Research & Euqiueeriug
washiagtol, J.C. 20301

OTHER GOVEENMENT AGENCIES

65 57(C-0290¢C Leracrtaent of State S {
66 5800-610CV Certral lutelligence Agency 8
67 ir. Susan Chipnman

leactciagy & Cevelopaent

National lnstitute of Education

12CC - 19th Street, N.w.

wasningten, D.C. 20208

68 br. Josepn i. Lipson
SELR =634
Baticnal 3ciance Foundation
dashinqtcn. DeCoe 29550 -

69 Lr. John Yays '
Naticnal Institate of Education
12C0 - 19th Street, N.W.
Washiagton, D.C. 20408

70 Cr. Arthuc Melmed |
Naticnal Institute of Educatioan
12CC = 19th Street, N.H.

Washington, D.C. 20208
n ir. Andrew R. Holnar
Science Education Development & 3
Besearch
National Scieace Poundation !
washington, D.C. 20550
72 fct. Joseph L. Young, Director

Nemory & Coqgnitive Processss
National Scieace Poandatioan
sashingtoa, D.C. . 20550

ACDITIOMAL ADLRBSSES

73 Lr. <ohn 5. Andersoa
Cegartaent of Psycholoqy
Carneqie Bellion Umiversity
Eittsburqb, PA 15213
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74 Lr., Michael Atwood
Science Applications Institute
40 Cenver TIech. Center West
7935 8. Erentice Avenue
Englewood, CO 80110

15 1 Esychoicgical Research Unit
Lept. of [etense (Army Office)
Camgpgbell Bark Offices
canbercra ACT 2600, Australia

76 £r. Alan Baddeley
Fedical Besearch Council
Agplied Psvcholoqy Uanit
15 Chaucer Road
Casbridge CB2 2EF
EMGLAND

77 [rt. Eatricia Baqgett
ferattmnent of Psychology
University of Denver
University Parck
Lenver, CC 89208

78 Lr. Nichclas A. Bond
tept., of Esvcholoqy
Sacramentc State Colleqge
6CC Jay Street
Saccamento, CA 95819 °  Non Govwt

79 fLr. Lvle Bourne
LCepartaent of Psychoioay
university of Colorado
toulder, CO 30309

89 Lc. <cohn 5. drown
JEBCX Palc Alto Researci: Center
3333 Loyote ERoad
Pala Altao, CA 94304

81 Br. Hdruce Jduchanan
verpartaeat of Computer sScience
Stanford University
Stanford, CA 94305

82 [c. Eat Carpenter
Leracrtaeat of Psycholoqy
Carneqie-%llon University

Pittspurqgh, PA 1521)
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83 £c. Joha E. Carroll
Psvychometcic Lab
Univ. Oof ¥o. Carolina
Lavie Hall 013a
Charel uiil, NC 27514

84 Chacles HMyers Library
Livingstone House
Livingstoae BRoad

Stratford
London EV5 2LJ
EMGLAMD

85 Cr. #illias Chase

Cepartacut of Psychology
carneqie Nelloa Universaty
Eittsburgn, PA 15213

86 Cr. Picheline Chi
Leaczning kE & D Center
Doiversity of Pittsburgh
393S O'Hara street
Eittsburqh, PA 15211

87 Lr. Kenneth E. Clark
College of Arts & Sciences
University of Rochester
River Caapus Station
Bochester, NY 14637

88 Lr. Allan M. Collians

Eolt Beranek & Nevman, Inc.
L SC Bgulton Street
- Camtridge, Na 02138

89 £r. lyun A. Cooper
Lepactaeat of psycholoqy
Uris Hall
Cornell University
Ithaca, NY 14850

90 Dr. Meredith P. Cravford
Amecican Esvchological Association
1203 17th Street, MN.i.
sashinqton, DC 20036
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91 Lt. Kenneth 8. Cross
Anacapa Sciences, Inc.
£.C. Draver Q
Santa 3ackara, CA 93102

92 Lr. Hubert Dreyfus
Lepactameat of Philosophy
University of Caliiforania
Berkeliey, CA 94720

93 LCOL J. C. Eqqenberger
Directorate Of Personnel Applied
Research

Naticnal Defence HQ
1C1 Coloael by Drive
Cttava, CANADA KIJA 0OK2

94 Ir. Victor Pields

‘ Leractaent of Psycholoqy

: Moatgomery Colleqe

Rockville, 4D 209590

95 or. BElvin A. Pleishnman
Advanced Reszarch Resources Orqgaa.
Suite 9CO
4330 East West Highwvay
dashingqton, DC 20014

- 96 £r. John L. Polley, Jr. _
; Arrlied Scieuces Associates, Iac.
¢ Valencia, PA 16C59
J 97 Lre Joha B. ?Eedetiksen
§ solt derabek & Newman
{

5C 2cultan Street
Camtridge, %A 02138

B 98 Ct. Alinda Priedman
Lepartaeat of Psycholoqy
Univecsity of Alberta
Edmcnton, Aldberta
CABALA T6G 2E9

99 £re B. Edward Geiselaan
pegactaent ot Psycholoqy
University of Califoraia
Los Anqelas, CA 90024
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109 DB. FOJEFI SLASER
LRLC

UNLVERSITY OF PITTSGLURGI
3939 C'HAbLA STIREET
EI111S8JURGEH, PA 15213

101 br. Macrvin D. Glock
<17 Stone Hall ;
Cornell University i
Ithaca, N 14853 1

102 LR. JAMES . GREENO
LKLC
UNIVERSII{ OF PITISBURGH
3S3Y U'HABRA SIRLIT _
PIT1S3JRsu, PA 15213 ]

103 tle. Harosd Hawkins
cepartaeat of Psycholoqy
University of Oregoun

Euqene, C§ $7403
104 £, Richacds J. Heuer, Jr.

27585 Vvia Sereno

Cacrsel, CA 92323
105 Lc. James B. Hoffmaa

Lepactaeat of Psycholoqy
University of Delawvare
dewark, DE 19711

106 f[t. Lioyd Huaphreys
Legartaent of Psvychology
University of Illinois
Chaspaign, IL 61920

107 Ir. Barl dunt
Lept. 0of Esychologqy
University of wWashiagtou
Seattle, 4A 935105

108 Lre. Kay Inaba
<1116 vVanoven Street ]
Canoga Park, CA 91303
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112
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115

116
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LEe LAWREMCE B. JOHNSCN
LAWBEMCE JOHNSON & ASSOC., INC.
Suite 103

454% 42nd Street, MN.k.
dashinqton, IdC 20016

£r. Steveun W. Keele
Uert. of Esychology
University of Oreqoa
kvgene, CRE 97403

Er. wmalter Kintsch
vepartaeat of Psychology
Univacsity of Colorado
Eoulder, €O 30302

Lc. Cavid Kieras
Derpactaent of Psycholoqy
Univecrsity of Arizona
lusccu, AZ 95721

Ec. Kenneth A. Klivington
Ercqram Ofticer

Alfred P. Sloan Poundation
63C FPifth Avenue

New York, NY 10111

It Stephen Kossivn
liarvard University
Lepacrtnent of Psycanology
33 Rickland 3Street
Castridge, MA 22133

#r. Parlian Kroger
1117 via Goleta
kalos Verdes Estates, CA 90274

UVLe owill larkin

Cepartaent of Psycholoqgy
carnejie selion University
Eittsouryh, PA 15213

L. Alan lesqold
Leatning 56D Ceater
Universicty of Pittsburgh
fittsburyh, PA 15260
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118 Cr. RBobert A. Llevit
LCirector, dehavioral Sciences
Ihe EDM Corporation
7515 Jones Branch Drive '
rcClean, VA 22101} #

119 Lr. Charles levis
Faculteit Sociale Wetenschappen
fijksuniversiteit Groniugen
Cude Boteringestraat
¢roningen
MEIEEILADDS

12C {r. Alieu NMunro
Behavioral Technoloyy laboratories
1845 EZleaa Ave., Pourth FPloor
kedcndo Beach, CA 90277

121 [c. Looald A Norman
Lert. ot Esychology C-009
Unive of Califorania, San LCieqo
La Jolla, CA 92093

122 fr. Jesse Orlaasky

Institote for Defeanse Analyses

4CC Acay Ravy Drive

Atlington, VA 22202
123 MR. L1UIGI PETRULLO

2431 B ELGEWOOD STREET
AFLINGTCY, VA 22207

124 L. Martha Polsoan
Lepartment of Psychology
University of Colorado
Eoulder, CcO 80302

125 [6. PETER POLSON
LEPL. OF ESYCHOLOGY
GNIVERSITY OF COLCRADO
BCUILER, CO 80309

126 LBe CIABE 8. RAMNSEY-KLEE
b~X EESEARCH & SYSTEN DESIGN
3547 RICGEMONT DRIVE
EALIBU, <A 30265
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c/0 thysics Departaent
Goiversity of Califoraia
bBerkely, CA 94720

Lt. Andrew M. Rose

Amecican Institutes for Research
1C55 Thoaas Jefferson St. MW
sashiaqton, DC 20007

Dt Ernst Z. Rothkopf
Eell Latcratories

6CC Mountain Aveaue
durcay Bill, NJ 07974

[r. David Buamelbhart

Center for liuman [nforsation
Frocessing

Unisarsity of California

la colla, CA 52093

LR. WALIES SCHNEIDER
CEPT. OF ESICHOLOGY
UNIVERSITY OF ILLINOIS
CHAMEALGN, IL 61820

L. Alan Schoenfeld
Lepactaent of Mathematics
Hasilton Colieqe

Clinton, 8Y 13323

fr. Bobert J. Seidel

Instructicnal Technoloqy Group
HUMBEC

<30 N, ¥ashingtoa Street

Alexandria, VA 22314

[t. Bobect Saith

Lepartaent of Coaputer Scieace
Rutqecrs Uaiversity

kew Brunswick, MNJ €8903

Lr. Richard 3Saow

Schcol of Education
Stanford University
Stanford, CA 94305
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Lt. Robert Sternberq
Cept. of ¥sycholoqy
Yale University

kcx t1aA, tale Station
New Haven, CI V6520

LF. ALBEB] STEVENS

ECLD JERAMEK & NEWMAN, LANC,
€C BCULTCH STREET
CAMERICGE, MA 021338

[t. Lavid Stoue
LG 23

SUNY, Alltany
Altany, HY 12222

Che PATHLICK SUPPES
ANSILIUTE FCR MATHEMATICAL

STJSI:> IN THa SCCIAL SCLENCES

STANFORL JNIVERSITY
STANPORD, CA J4325

fr. Louglas Towue

Univ. of 30. Califorania
tehavioral lechnology Labs
1E4E S, Elena Ave.

rRedcndo Beacan, CA 90277

[Ce J« Uhiraner

kterceptronics, Ince.
€271 Variel Avenue
Wocdland Hills, CA

[rt. Eeatcn J. Underwood
Legt. of Esychology
Northwestern University
Evapston, IL 60221

tr. David J. Weiss

N66C Elliott Hall
Upniversity of Minnesota
75 E. River Road
tinneapolis, NN 55455

ft. Christopher Hickens
Lepactaent of Psychology
Univergity of Illinois
Chaspaign, Ii

91364

61820
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145 Dr. <. Arthur Woodward
Lepartaent of Psychology
University of California
Los Augeles, CA 90C24%
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